Textile industry is an important source of water contamination. Some of the organic contaminants cannot be eliminated by nature in a reasonable period. Heterogeneous catalytic wet air oxidation is one of the most effective methods to purify wastewater with organic contaminants. In this work, catalysts based on copper supported on activated carbon were synthesized. The activated carbons were obtained from industrial wastes (apricot core and grape stalk) of San Juan, Argentina. These were impregnated with a copper salt and thermically treated in an inert atmosphere.
Introduction
Textile industry is an important source of water contamination. Some of the organic contaminants can not be eliminated by nature in a reasonable period. The methods to abate those contaminants are of physicochemical character: incineration, chemical oxidation and wet air oxidation 1 . All of them result inappropriate to process large amounts of wastewaters due to their high costs. The last one seems to be a good alternative, but requires high temperatures and pressures to make the reaction possible because of the high activation energy involved 2 . Therefore, the possibility of catalyzing the reaction seems to be a good option. Catalytic Wet Oxidation is an excellent technological alternative because it allows destroying the organic contaminants at lower temperature and pressure due to the minor activation energy of the catalyzed reaction 2 . Some transition metals such as copper, platinum and palladium have been tested as catalytic agent with good results 2, 3 . Today, they are used in homogeneous catalysis, in some industrial technologies 4, 5 , but in these processes it is necessary to incorporate an active agent recuperation system. So, the heterogeneous catalysis is a good alternative because the catalyst can be separated easily from the treated water. These technologies use copper, palladium or silver supported over titaniazirconia 4, 5, 6 . Some studies were reported about the use of alumina or ceria -alumina supports 1, 7 . Activated carbon appears as a good catalytic support, because of its excellent textural and physicochemical properties 8 . The use of activated carbon as a support, leads to lower operation costs because of the less expensive chemicals involved and because it can be obtained from low cost materials (agricultural industrial wastes).
Almost any carbonaceous material, with high carbon content and low proportion of inorganic components, can be used as precursor for the preparation of activated carbons 9 . In this work, activated carbons were obtained from industrial wastes (apricot core and grape stalk) of San Juan, Argentina. They were prepared following the protocol described in previous works 10, 11 . After that, the different carbons were submitted to catalyst preparation routines, that is, impregnation with cupric nitrate as a precursor salt followed by thermal treatment at 830 K [12] . These catalysts were tested for the degradation of methylene blue and polyvinyl alcohol as probe molecules.
Materials and Methods

Preparation of catalysts
Two different types of activated carbons were produced for this study. One of them was obtained from apricot stone and the other from grape stalk. The synthesis protocol included: 2.1.1. Carbonization Samples were pyrolized in a batch process using a retort-like stainless steel reactor, in a nitrogen inert atmosphere, with a heating rate of 1.4 K/min, from room temperature up to 773 K, and keeping the final temperature for 2 hours
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. A K-type thermocouple and a Microomega CN77000 Series digital temperature controller were used to set and control the temperature of the sample.
Activation
Samples were heated in a stainless steel reactor using an electric oven. The temperature was set and controlled using a K-type thermocouple and a digital temperature controller 10, 11, 14 . The samples were heated up at a 5 K/min rate, from room temperature to 1123 K in a 300 mL/min N 2 flow. When the final temperature was reached, the N 2 current was substituted by steam water as activating agent, at a flowing rate of 1.7 g.g -1 of carbonized matter per hour. The activation treatment lasted 105 minutes.
Impregnation
Catalysts were formulated using a solution of Cu(NO 3 ) 2 .3 H 2 O (5 wt. (%) Cu) as a precursor of the active agent because of its water solubility, lower cost, and lack of poisonous elements. Activated carbons from apricot stone and grape stalk were used as supports.
There are two well known methods of loading the metal precursor on the support: incipient wetness impregnation and soaking method. In this case, the second one was used; the activated carbons were soaked in a copper nitrate solution for 4 days under agitation until the equilibrium was reached. The ratio solid/solution (weight base) was equal to 6. The impregned solids were filtered and scurried during 24 hours. Then, they were dried at 378 K for 24 hours 12 .
Thermal treatment
The objective of this step is to transform the copper salt (cupric nitrate) in copper oxides, which are the active catalytic agents. The high temperature used descomposes the nitrate releasing nitrogen oxides. The reactor must work in a nitrogen atmosphere to avoid the combustion of the support.
The catalysts were treated in the activation reactor, at 830 K for 18 hours. After that, a nitrogen flow was maintained until the reactor reached room temperature 12 .
Characterization
Nitrogen adsorption-desorption isotherms were performed using an Autosorb-1 (Quantachrome) equipment. Samples of 0.100 g were oven-dried at 378 K during 24 hours and outgassed at 473 K under vacuum for 10 hours. The final pressure was less than 10 -4 mbar. Textural parameters were derived from adsorption data. The specific BET surface area was estimated 15 . The specific total pore volume (V T ) was determined from the adsorption isotherm at the relative pressure of 0.99, converted to liquid volume assuming a nitrogen density of 0.808 g.cm -3 . The specific micropore volume (V DR ) was determined using the Dubinin-Radushkevich model 16 . The pore size distribution (PSD) was analyzed using the BJH method 17 . Acidity and basicity determinations of the support were made by titrating the acid sites with a strong basic solution and the basic sites with a strong acid solution, following the protocol detailed by Noh and Schwarz 18 . In order to determine the net surface charge of the supports, the measurement of the point of zero charge (P ZC ) was carried out by the mass titration method following the procedure detailed by Noh and Schwartz 18 . Studies of X ray diffraction (XRD) patterns were recorded at room temperature using a Rigaku diffractometer operated at 30 kV and 20 mA, employing Ni-filtered Cu Kα radiation (λ = 0.15418 nm). The crystalline phases were identified employing standard spectra software.
Reaction test
The organics used as probe molecules in catalytic oxidation tests were Methylene Blue (MB) and Polyvinyl Alcohol (PVA). The reaction tests were carried out in a 1 L Parr batch reactor. The oxidant was high purity oxygen. Nitrogen was used when an inert atmosphere was necessary.
In the PVA catalytic oxidation reaction, temperatures between 398 and 438 K were used. Temperatures between 323 K and 353 K were employed for MB. In every single assay 200 mg of catalyst were used. In all cases, the concentration of organic compound was 500 mg.L -1 . The organic solution (500 mL) was introduced into the reactor, and a N 2 partial pressure of 0.2 MPa was maintained until the operation temperature was reached. After that, the oxygen was introduced in the reactor at a 0.2 MPa partial pressure.
Some tests were carried out in an O 2 atmosphere without catalyst to detect the non catalytic oxidation phenomenon. Other tests, at the lowest temperatures, were carried out in a N 2 atmosphere with catalyst to detect the adsorption phenomenon.
Samples were taken at different times during 2 hours. The unconverted organics concentration was measured in a 4001-Wayers UV-visible spectrophotometer. The monitoring of MB concentration was made directly, but to detect PVA, it was necessary to add a complex with I-KI-H 3 BO 3 .
Results and Discusion
Characterization
Nitrogen adsorption-desorption isotherms for the supports and catalysts are shown in Figures 1 and 2 . The textural parameters modelled from the adsorption data are summarized in Table 1 .
Both catalysts present lower surface area and pore volume compared to that of the corresponding support. This is mainly due to a pore blocking effect, especially micropores, which is evident from the analysis of the uptake at low relative pressures in the adsorptiondesorption isotherms for the catalysts compared to the supports. -Materials Research an), tamanho 8. com 0.5 de Stroke. s a "Dados gráficos" com 0.6 de Stroke. r rosa do ventos na imagem original, substituir pela padrão da paleta symbols. barras com 10% de preto quando houver texto e 50% quando não.
figura devem estar todos em Inglês. star dentro de caixas de texto com 2 mm de distância nas extremidades. gráfico deve estar em "Sentence case". everá ter 1 ponto de Stroke. The micropore volume and surface area for the activated carbon from apricot core catalyst is higher than that obtained from grape stalk, although the total pore volume are similar for both materials.
The isotherms corresponding to both catalysts present a hysteresis loop. The uptake at high pressure rises significantly for grape stalk, which indicates a considerable presence of mesoporous. The BJH pore size distribution (Figures 3 and 4) shows important mesoporosity in the range of 40-90 Å for both catalysts, specially in grape stalk AC, in agreement with its hysteresis loop.
Figures 5 and 6 show the curves obtained in the point of zero charge determinations using the mass titration method. All these results, pH, acidity, basicity and p zc , demonstrate that the surface of both supports are strongly basic ( Table 2) .
The X Ray diffraction patterns for both catalysts are shown in 
Reaction test
The test reaction results are shown as % remnant of Methylene Blue or Polyvinyl Alcohol, defined as: remnant organic concentration % remnant x 100 initial organic concentration =
The system response for catalytic oxidation of MB with apricot core AC as catalyst support, is shown in Figure 9 . The results of the catalytic oxidation of MB using activated carbon of grape stalk as support can be observed in Figure 10 . Reaction temperatures between 323 and 353 K were used in the experimental program. In both cases (apricot core and grape stalk) the behavior of the catalysts was similar, with an increase of the catalytic activity when the temperature rises, as it was expected.
In Figures 11 and 12 , the results of the oxidation reaction of PVA for both catalysts are shown. While the abatement of PVA with the apricot core based catalyst is important at 398 K, the one corresponding to grape stalk based catalyst is negligible. At the highest tested temperature, 438 K, the catalytic activities were similar, although the one corresponding to apricot core based catalyst was slightly higher.
Figures 9 and 11 also show the resulting curves of an assay of non catalytic oxidation, using oxygen without catalyst, at the maximum reaction temperature, in each case. They show that there is no abatement of MB or PVA due to the non catalized reaction at the tested temperatures.
The adsorption, which is higher at lower temperatures is negligible in comparison with that of the catalytic reaction. Results of the adsorption of MB and PVA (using catalyst in a nitrogen atmosphere) at the lowest tested temperature are presented in Figures 9 and 10 .
If textural parameters of both catalytic formulations are compared, it can be seen that, although both of them are quite similar, the apricot core coal has a slightly higher surface area and pore volume, with more presence of micropores. This small difference could explain the slightly higher catalytic activity observed for the apricot core AC based catalyst compared to that of grape stalk based catalyst for the oxidation of MB and for PVA 
Conclusions
The use of wastes of agricultural industries to obtain activated carbon, allows to transform those materials into higher value added products.
The oxidation of PVA and MB water solutions can be carried out efficiently by means of cupric oxide catalysts supported on activated carbon, obtained from raw material of different origins.
Synthesized catalysts show a significant activity at 353 K for MB, and the behavior is similar in both catalytic formulations.
Higher temperatures are necessary for the oxidation of PVA, with the two catalysts tested, compared with those necessary to oxidize MB. The behavior is similar for both catalytic formulations, for each probe molecule.
As surface chemistry might play a key role in catalytic reactions, additional studies to determine the surface chemical groups are being carried out to confirm this.
